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Abstract 

We show in (1 + 2) dimensions that supersymmetric (SUSY) BF action 
for a (minimal and off-shell) spin-fl, |^ supermultiplet is a unique SUSY 
invariant one required from the closure property of commutator algebra for 
SUSY transformations. 
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As a toy model to study the genuine topological structures of the field theory model, 
BF theory and its supersymmetric (SUSY) version [1] are considered. In this short 
note we show another meaning of SUSY BF theory containing a vector-spinor (high- 
spin) field in (1 + 2) dimensions from the SUSY algebra for a spin-^1, |) supermul- 
tiplet. 

Let us consider a set of the minimal and off-shell component fields (v a , X a ,B a ), 
where we denote v a for a (U(l)) vector field, A a for a (Majorana) vector-spinor field 
and B a for a auxiliary vector field, respectively We discuss the closure property of 
commutator algebra for the most general form of SUSY [2]- [4] transformations in 
d = 3, 

5c,v a = aiCA a + ia 2 e abc (-f b \ c , 

S c \ a = ibrF^C + b 2 e abc F b % + b 3 B a ( + ihe^B^C, 

5 ( B a = iCiCfiXa + ic 2 Cl a d ■ A + ic 3 (d a ^ + c±e abc (d b \ c , (1) 

where F ab = d a v b — d b v a is the U(l) gauge field strength, ( is a constant (Majorana) 
spinor parameter for the SUSY transformations and {di,bi,Ci} are arbitrary (real) 
parameters. 

The off-shell closure property of the commutator algebra for the SUSY transfor- 
mations (1) up to terms for gauge transformations requires 

a 2 = b 2 = &4 = c 2 = c 4 = 0, (2) 
a-ih + 6 3 ci = 0. (3) 

The condition (2) restricts the form of Eq.(l) to 

S(Va = aiCA a , 

5 c \ a = ib 1 F abl b ( + b 3 B a (, 

5 c B a = i Cl (@\ a + ic 3 (d a )(, (4) 
which produce the closed off-shell commutator algebra 

[S Cl , 5 <2 ] = 5 P (~ a ) + 5 g {9) + 5 g {e) + 5 g (rj), (5) 

where {5 P (E a ), 5 g (0), 5 g (e), 5 g (r))} are 

5 P (E a ) ... translations with a parameter E a = 2iaib 1 (i'j a ( 2 , 
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5 g (9) ... the U(l) gauge transformation with a parameter 8 = —2iaibi(i / y a ( 2 Va, 
S g (e) ... a spinor gauge transformation with a parameter 

e = — i(ai&i + fc3C 3 )Ci7 b C2A 6 + (ai&i - fesCs^kdCW^T ^ 
S g (rj) ... a gauge transformation with a parameter 

= -2*6 3 C3Ci7 a C 2 5 a + i&i(ci + 2c 3 )e bcd Ci7 fc C2^, (6) 

respectively. 

Now we consider the invariant action. For (3) we put 

h -h 

— = = a, 7 

ci ai 

and starting from the most general Lorentz invariant action for the minimal off- 
shell supermultiplet, we find the following SUSY and gauge invariant action which 
is unique under the SUSY transformations (4), 

L = }-ae abc B a F bc + ^e ahc X a d b X c . (8) 

This is SUSY BF action for a = 1 in d = 3 space-time, which was first obtained as 
the SUSY extension of ordinary BF theory [1]. We just mention that when c 3 = —c\ 
with the condition (3) the SUSY transformation 5^X a in Eq.(4) is written in terms 
of the spinor gauge invariant R ab = d a \ b — d b \ ai and that the e6 C dCi7 fe C27 c A d terms 
vanish in the parameter e of Eq.(6). 

Therefore, we conclude that in (1 + 2) dimensions the SUSY BF action (8) for 
the (minimal and off-shell) spin-^1, |) supermultiplet is the unique SUSY invariant 
one required from the closure property of the SUSY transformations. These results 
seem characteristic in contrast with the situation for lower spin supermultiplets, for 
fermionic physical (though free) and bosonic unphysical degrees of freedom would 
form supermultiplet, which may give new insights to the role of high spin fields [5] 
in the (local) SUSY theory model. Similar arguments in d — 4 for higher spin fields 
are future problems. 



3 



References 

[1] R. Brooks and S.J. Gates Jr, Nucl. Phys. B 432 (1994) 205, hep-th/9407147 
and further references for ordinary BF theory therein. 

[2] Y.A. Golfand and E.S. Likhtman, JET Lett. 13 (1971) 323. 

[3] J. Wess and B. Zumino, Phys. Lett. B 49 (1974) 52. 

[4] J. Wess and B. Zumino, Nucl. Phys. B 78 (1974) 1. 

[5] B. de Witt, D.Z. Freedman, Phys. Rev. D 21 (1980) 343. 



4 



